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[7, 8]. Gongalves Warnick $NW$
$NW$ $NW$




$NW$ node knock-out [9] $NW$
[10, 11, 6]. (knock-out)
$NW$ knock-out $NW$ ( )





$\Sigma_{k};\{\begin{array}{l}\dot{x}_{k}=\alpha_{k}x_{k}+v_{k}, k\in \mathcal{I}:=\{1, \ldots, N\}y_{k}=x_{k},\end{array}$
$v_{k}$ ,
$k(\neq l)$ $l$ ( ) $\mathcal{L}_{kl},$ $NW$
$u$ $b_{k}\in \mathbb{R}^{1\cross m}$ $v_{k}$ $k$
$vk= \sum_{l\neq k}\mathcal{L}_{k\downarrow}y_{k}+b_{k}u.$
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$k=1,$ $\ldots,p$ $NW$
$B_{1};=[b_{1}\cdots b_{p}]^{T},$ $B_{2};=[b_{p+1}. . . b_{N}]^{T}$ $\mathcal{L}_{kk};=\alpha_{k}$
$A=[\mathcal{L}_{kl}]$ $NW$
$\{y=[I0][\dot{y}]=yA_{11}]. A_{22}A_{12]}\{\begin{array}{l}yx_{h}\end{array}\}+\{\begin{array}{l}B_{l}B_{2}\end{array}\}u$









( $Q$ $0$ ). $Q,$ $P$ $NW$
(internal structurre function), (control structure function)
(dynamical structure function)
(measurable) $\{\Sigma_{k}\}_{k=1}^{p}$ (hiden)
$\{\Sigma_{k}\}_{k=p+1}^{N}$ $\Sigma^{m}$ $\Sigma^{h}$ $NW$
1(a) $\mathcal{L}_{k*}:=[\mathcal{L}_{k,p+1}\cdots \mathcal{L}_{kN}],$ $\mathcal{L}_{*\iota}:=[\mathcal{L}_{p+1,l}\cdots \mathcal{L}_{Nl}]^{T}$








$x_{k}$ $X_{l}$ $X_{k}$ ( 1(b) ).
1. $W(s)$ $\Sigma^{m}$ ( y) $A_{11}$
$\Sigma^{h}$ $\Sigma^{m}$
2 k-l $(k, l\leq p)$
$[A_{12}(sI-A_{22})^{-1}A_{21}]_{kl}=\mathcal{L}_{k*}(sI-A_{22})^{-1}\mathcal{L}_{*l}$
$l$ $\Sigma^{h}$ $k$






1: : (a) $NW$ (b) $Q_{kl}$ ; $P_{kr}$
; $X_{k}/U_{r}.$






$x_{k}$ $U_{r}$ $X_{k}$ ( 1(c) ).
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2.2
$NW$ $u$ $y$ $G$ $(Q, P)$
$G(s)=(I-Q(s))^{-1}P(s)$ (1)
$G$










$0$ $\tilde{Q}$ $p^{2}-p$ (1)
$(Q, P)$ $p^{2}-p$
1 (Gon\caalves and Warnick [4]). $p\cross m$ $G$ $p>1$
$(Q, P)$
$Q$ (1) $P$






$P$ $p^{2}-p$ $0$ 2









$\Sigma_{k}:\{\begin{array}{l}\dot{x}=Ax+bv_{k}, k\in \mathcal{I}=\{1, \ldots, N\}z_{k}=cx_{k},\end{array}$
$NW$ $x_{k}(t)\in \mathbb{R}^{q},$ $v_{k}(t)\in \mathbb{R},$ $z_{k}(t)\in \mathbb{R}$
$v_{k}= \sum_{l\neq k}\mathcal{L}_{kl}z\iota+\mathcal{B}_{k}u$
$NW$ $\mathcal{L}$ $\mathcal{L}$ $\mathcal{L}_{kl}=\mathcal{L}_{tk}\geq 0(k\neq l)$ $\mathcal{L}_{kk}=-\sum_{l\in \mathcal{I}\backslash \{k\}}\mathcal{L}_{kl}$
$u(t)\in \mathbb{R}^{m}$ $NW$ $\mathcal{B}:=[\mathcal{B}_{1}^{T}\cdots \mathcal{B}_{N}^{T}]^{T}\in \mathbb{R}^{N\cross m}$
$NW$ $y(t)\in \mathbb{R}^{r}$ $C=[C_{1}\cdots C_{N}]$
$y= \sum_{k\in \mathcal{I}}C_{k}z_{k}$ $NW$ $\Sigma$ Kronecker
$\Sigma;\{\begin{array}{l}\dot{x}=(I_{N}\otimes A+\mathcal{L}\otimes bc)x+(\mathcal{B}\otimes b)u,y=(C\otimes c)x.\end{array}$
$x(t)=[x_{1}^{T}(t)x_{2}(t)^{T} x_{N}(t)^{T}]^{T}\in \mathbb{R}^{Nq}$
Knock-out $NW$ $\Sigma$ “knock-out” $NW$
$NW$
knock-out
$k$ knock-out $x_{k}$ (
) knock-out $\Delta\in 2^{\mathcal{I}}$ , $|\triangle|$
knock-out $NW$ $\Sigma^{\triangle}$
$\{\begin{array}{l}\dot{x}^{\Delta}=(I_{N-|\Delta|}\otimes A+\mathcal{L}^{\triangle}\otimes bc)x^{\triangle}+(\mathcal{B}^{\Delta}\otimes b)u,y=(C^{\Delta}\otimes c)x^{\Delta}.\end{array}$
$x^{\Delta}$
$x$ knock-out
$x^{\triangle}(t)=[x_{1}^{T}(t)\cdots x_{i-1}^{T}(t)x_{i+1}^{T}(t)\cdots\cdots x_{j-1}^{T}(t)x_{j+1}^{T}(t)\cdots x_{N}(t)^{T}]^{T}, i,j, \ldots\in\Delta,$
$\mathcal{B}^{\Delta},$ $C^{\Delta},$ $\mathcal{L}^{\Delta}$ $\mathcal{B},$ $C,$ $\mathcal{L}$ $\Delta$
$\emptyset\in 2^{\mathcal{I}},$ $\Sigma^{\emptyset}=\Sigma$ $NW$ $(??)$ knock-out $NW$
1. $NW$ $($ ?? $)$
Al. $N$ $(A, b, c)$
A2. $\mathcal{L}$
A3. A2 $\mathcal{L},$ $\mathcal{B},$ $C$
A4. $NW$ ( knocked-out $NW$ )
1 $i,$ $j(\geq i)$ $i$ $j$
$\mathcal{L}_{ij}$ knock-out $NW$ $\{\Sigma^{\triangle}\}_{\Delta\in 2^{\mathcal{I}}}$
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3.2 Knock-out
Nabi-Abdolyousefi Mesbahi 1 $NW$
$NW$ [6]. [6] 1 $(A, b, c)=(0,1,1),$ $\mathcal{L}=\mathcal{L}^{T},$
$\mathcal{L}\cdot 1_{N\cross 1}=0$ $NW$ $\Sigma$ $NW$ $($ ?? $)$ $(\mathcal{L}, \mathcal{B}, C)$





$(A, b, c)$ $h(s),$ $d(s),$ $n(s)$
$:h(s)=c(sI_{q}-A)^{-1}b,$ $d(s)=\det[sI_{q}-A],$ $n(s)=$ cadj $[sI_{q}-A]b.$ $NW$ $\Sigma$ $G$
$\phi(s);=1/h(s)$ [12, 13].
3. $($ ?? $)$ $NW$ $\Sigma$
$G(s)=C(\phi(s)I_{N}-\mathcal{L})^{-1}\mathcal{B}.$




$(\phi(s)I_{N} -- \mathcal{L})^{-1}$ $(k, l)$-
$\mathcal{B}=[0\cdots 0\check{1}\iota 0\cdots 0]^{T}$
$C=[0\cdots 0k\check{1}0\cdots 0]$
$NW$ $($ ?? $)$
$[(\phi(s)I_{N}-\mathcal{L})^{-1}]_{kl}=[o\cdots 0_{\check{\mathcal{C}}}^{k}0\cdots 0](sI_{Nq}-I_{N}\otimes A-\mathcal{L}\otimes bc)^{-1}[0\cdots 0\check{b}0\cdots 0]^{T}\iota$
$(k, l)$ - $l$ 2 $k$ $z_{k}$






$\det[sI_{Nq}-(I_{N}\otimes A+\mathcal{L}\otimes bc)]=n(s)^{N}\det[\phi(s)I_{N}-\mathcal{L}]$ (2)
2
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2: $[(\phi(s)I+\mathcal{L})^{-1}]_{kl}$ : $w_{l}$ $z_{k}$
4. $NW$ $\Sigma$




$[( \phi(s)I_{N}-\mathcal{L})^{-1}]_{ij}^{2}=\frac{n(s)^{2}\Psi_{ij}(s)}{(\det[sI_{Nq}-(I_{N}\otimes A+\mathcal{L}\otimes bc)])^{2}}.$
$\Psi_{ij}(s)=\det[sI_{(N-1)q}-(I_{N-1}\otimes A+\mathcal{L}^{\{i\}}\otimes bc)]\det[sI_{(N-1)q}-(I_{N-1}\otimes A+\mathcal{L}^{\{j\}}\otimes bc)]$
$-\det[sI_{Nq}-(I_{N}\otimes A+\mathcal{L}\otimes bc)]\det[sI_{(N-2)q}-(I_{N-2}\otimes A+\mathcal{L}^{\{i,j\}}\otimes bc)]$
$NW$ $\Sigma$ , $i$ $j$ 1




$(\phi(s)I_{N}-\mathcal{L})^{-1}=F(s)$ , for each $s$ . (4)









$H_{n}(s)=\{\begin{array}{ll}s^{r-1}F(s) , n=0,sH_{n-1}(s)-\xi_{n-1}I_{N}, n=1, \ldots, r,\end{array}$
$\xi_{n}=\{\begin{array}{ll}\beta_{f}, n=0,\beta_{f-n}-\sum_{k=0}^{n-1}\alpha_{e-n+k}\xi_{k}, n=1, \ldots, r,\end{array}$
$r>f$ $\beta_{l}(l<0)$ $0$
2. $F(s)$ (4) $i<j$ $F_{ij}(s)$ $2r$
$\mathcal{L}_{ij}=\{\begin{array}{ll}\mu_{ij}/\beta_{f}^{2}, when\theta_{ij}=2r,0, elsewhere.\end{array}$
$\mu_{ij}$ $F_{ij}(s)$ $\theta_{ij}$ $F_{ij}(s)$




1 $\mathcal{L}_{ij}\geq 0(i\neq j)$
$\mathcal{L}_{ij}=\frac{\sqrt{v_{ij}}}{\beta_{f}^{2}}$ (6)
$(A, b, c)$ $h(s)=n(s)/d(s)$
$\langle\langle$ $i=i$ $\rangle\rangle$
dl $NW$ $\Sigma$ knocked-out $NW$ $\Sigma\{i\}$
$p(s)$ $p_{i}(s)$
d2 $n(s)p_{i}(s)/p(s)$ $[(\phi(s)I_{N}-\mathcal{L})^{-1}]_{ii}$ $F_{ij}(s)$
d3 $(s)$ (5) $\mathcal{L}_{ii}$
$\langle\langle$ $i\neq i$ $\rangle\rangle$
01 $NW$ $\Sigma$ knocked-out $NW$ $\Sigma_{\{i\}},$ $\Sigma_{\{j\}},$ $\Sigma_{\{i,j\}}$
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